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(57) tiexpensive Ta sputtering targets which permit 
deposition o( Ta and TaN^ films with fewer partides and 
less dispersion of resistivfty values. Ta targets having an 
average grain size of 0.1-300 ^m.with dispersion 
withint 20%, an oxygen content of 50ppm or t>eiow and 
containing Nas O.lppm. Ks O.lppm. Us ippb. Ths 
Ippbi Fes 5ppm. Crs 5ppm. and Nis 5ppm, the total 
content of refractory metal elements be ing 50ppm or 
less. Preferably, the sum of tfie intensity ratios of the 
three planes {110). {200} and {21 1 } is 55% or nx)re. with 
cSspersion of± 20% or less, the hydrogen corKentration 
is 20 ppm or less, the average roughness (Ra) of the 
surface portion to be sputtered is 0.01 -5 ^m. and an 
oxide layer with a thickness of 200 nm or less, and the 
target portions where a fim is formed by the deposition 
of the sputtered target material is roughened. A method 
of marxitacturing a Ta target and target assembly are 
also disdosed. 
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Description 

[BACKGFOUND OF THE INVENTION] 

5 J0001] This invention relates to Ta sputtering targets, a method of manufacturing the sam . and target assemblies. 
Paniculariy. this invention relates to Ta sputtering targets for depositing a Ta film or TaN film as a diffusion barrier layer 
for the electrodes and wirings or interconnections of large-scale integration circuits; a method of manufacturing the tar- 
gets; arkd target-backing plate assemblies. 

[0002] Al and Al alfoys have hitherto been used as materials for the electrodes arxl wirings of LSI drcuits. The recent 
10 tendency toward higher degrees of integration has promoted the study of repladng them by Cu tf^t has greater resist- 
ance to electromigration (EM) and stress migration (SM). However. Cu must surrounded by a diffusfon l>afrier layer 
because otherwise Cu would diffuse easily in SiO that is used as an intertayer insulation layer. TTie tDamer layer used 
for this purpose has been tf»at of TIN deposited using a Ti target by reactive sputtering in nitrogen. More recentfy. a Ta 
film deposited from a Ta target and a TaN f im formed using a Ta target by reactive sputtering in nitrogen have attracted 
15 attention t>ecause of their superiority in thermal stability and bamer properties. 

[0003] The present inventors once attempted to form Ta and TaN layers using some commercially available Ta targets. 
Th wafers on which the layers were deposited shewed the presence of many objectionat»le particles, and the Ta and 
TaN f Ims had high sheet resistivities with rather wide dispersions. Thus, despite tiie superiority to TiN in bamer prop- 
erties, the Ta and TaN f Qms were not put to practical use. 
20 [0004] Moreover, it is not known yet what is the purity required of Ta and TaN films as diffuskxi ban-ier layers. For 
exanrple. Japanese Patent Application Publication (Kbkoku) No. 6-21346 disctoses a method of decreasing refractory 
metal elenr>ent contents to 3 ppm or less by a wet refining process which depends on prec^jitation of potassium tanta- 
lum fluoride crystals and reduction of the crystals with sodium. From the industrial viewpoint the extra refining process 
increases tt^e cost to a not negligible extent. 

25 

(OBJECT OF THE INVENTION] 

[0005] As described above, the deposition of Ta and TaN films using the conventional Ta targets entails the generation 
of many objectionable particles. In addition, the films possess high sheet resistivities with rather wide dispersfons. A 
30 special refining process cannot t>e adopted wittxxrt a cost increase that is not industrially justified. 
[0006] The present invention has for its object to solve those problems of the prior art 

[SUMMARY OF THE INVENTION] 

35 [0007] Investigations have been made about the posstole causes of ttie generation of many particles upon deposition 
of Ta and TaN fflnre by use of conventional Ta targets. As a resLft rt has now been found that the prior art targets range 
in average grain size from 400 to 500 jim and the large grain size is parity responsible for the generatfon of a tot of par- 
tides. It has also been found tfiat decreasing tt% number of oxide grains in the target helF>s control the partide genera- 
tion. The study has further revealed that in order to lower the sheet resistivity of the deposited film it is advisable to 

40 minimize the oxygen content and in order to restrict the dfepersion of the sheet resistivity it is effective to linrit the (Ss- 
perskjn of the grain size. It has been confirmed that the contents of the impurities of alkali metals, radfoactive elenients 
and transition metals, in Ta and TaN films are just enough if they meet the levels required in the semiconductor targets. 
Refractory metal elements, if present to excess, would raise the sheet resistivities of Ta and TaN f ilms. For diffusfon bar- 
rier applications, it has been confirmed tfiat the presence of those elements does not present any problem unless the 

45 total amount exceeds 50 ppm and refining down to less than 3 ppm is not necessary. Thus it has just been found that 
Ta targets can be manufactured wittiout going through a wet refining process as taught by Patent Application Kokoku 
No. 6-21346 that has a disadvantage of industrially prohixtive cost 

[0008] In light of ttie foregoing, this invention provides (1) a Ta sputtering target characterized by (a) an average grain 
size of 0.1-300 ^m. witti tocational dispersion of the average grain size within ± 20%, (b) an oxygen concentration of 50 
50 ppm or below, and (c) impurity concentrations such that Na ^ 0.1 ppm. K s 0.1 ppm, U ^ 1 ppb. Th ^ 1 ppb. Fe s 5 
ppm. Cr 5 5 ppm. and Ni^ 5 ppm, ttie total content of refractory metal elenr>ents (Hf, Nb, Mo, W. Ti. and Zr) being 50 
ppm or less. 

[0009] In connection with ttie rate of film deposition, ttie present inventors have found ttiat ttie deposition rate is 
inrproved by controlling ttie orientation of ttie target so ttiat ttie sum of ttie area ratios to ttie sputtered surface of ttie 
55 ttvee planes {110}. {200} and {21 1 } where atomic density is high should t>e 55% or more. We have also found ttiat ttie 
unifornrvty of film quality in a wafer is maintained by restricting the cSspersion of ttie sum of the area ratios of ttiese ttiree 
planes in tti target surface within ± 20%. 

[001 0] In view of this, ttiis invention provides (2) a Ta sputtering target as defined above and characterized in ttiat tti 



2 



EP 0 902 102 A1 

sum of the intensity ratios of the three planes {1 10}, {200} and {211} is 55% or nwe and the locational dispersion of the 
sumofth intensity ratios of the three planes is 20% or less. 

[0011] Many particles are formed as th TaN film deposited on th components and surrounding walls of a sputtering 
apparatus comes off. To prevent this, a process known as "pasting" whereby a Ta film as a past s beforehand formed 
5 on such components and walls is usually used. However, when th Ta f flm contains hydrogen atoms, the film stresses 
can be so high that the Ta/TaN films tend to beconne loos and fail, which leads to the inaease of partide number. The 
present inventors have found that limiting tfie hydrogen corKerrtration in a target to 20 ppm or less helps deaease the 
nunnber of partides to a level negligible for the practical purposes. 

[0012] Thus, this invention further provides (3) a Ta sputtering target as defined above and characterized in that its 

10 hydrogen concentration is 20 ppm or less. 

[001 3] In the early stage of target sputtering, a large number of particles emerges as a surface damage layer that has 
been damaged by mechanicaJ surface finishing is sputtered. The present inventors have found that, with Ta targets, the 
damaged surface layer can be lessened by deaeasing the average roughness (Ra) after the surface fnish. 
[0014] This invention also provides (4) a Ta sputtering target as defined above and characterized In that the average 

15 roughness (Ra) of the surface portion to be sputtered is 0.01-5 jim. 

[001 5] An oxide layer formed on the surface of a target causes abnormal discharge, which in turn s responsfcle for 
an irxa^ease in the number of particles. The present inventors have found that wt>en the thickness of an oxide layer of a 
Ta target is controlled to 200 nm or less, the abnormal discharge in the early stage of sputtering is siwressed with the 
deaease of particle number. 

20 [001 6] Hence this invention provides (5) a Ta sputtering target as defined above and characterized in tfiat the surface 
portion to be sputtered has an oxide layer with a thickness of 200 nm or less. 

[001 7] With the progress of sputtering, the portions of the target other ttian the area beng eroded allcw the deposhkxi 
of a Ta layer or TaN layer. As it attains more than a given thickness, the deposited film tends to come off, giving birth to 
partides. The present inventors have found that roughening the non-eroded si^ce portions of a Ta target that are 
2S exposed in a sputtering chamber produces an anchoring effect whfoh rrakes a re-deposited fSm nrxxe adherent and 
thereby deaeases the number of partides. 

[0018] The invention then provides (6) a Ta sputterir>g target as defined aho^e and characterized in that the non- 
eroded surface portions of a target where a film is formed t>y the depositfon of the sputtered target material is rough- 
ened. 

30 [001 9] In relation to the manufacturing, this invention provides a metfxxl of rnanufacturing a Ta sputtering targe* as 
defined in (1) above which comprises making a Ta ingot w^ich has an oxygen concentration of 50 ppm or betow and 
iirpurity concentrations such that Na^ 0.1 ppm, 0.1 ppm. 1 ppb, Th^ 1 ppb, Fe^ 5 ppnx Crs 5 ppm and Nis 5 
ppm. the total content of refractory metal elements (Hf, hto. Mo, W, Ti and Zr) being 50 ppm or less, working the ingot 
by cold forging or/arxJ cold roiling, and finally nr^chining the workpiece obtained to a target, characterized in that in the 

35 course of working of the cokJ forging or/and coW rolling, the workpiece is heat treated in a vacuum at a heating rate of 
at least 10 "CMn and at a holding temperature of 800-1200 *C whereby the material attains an average grain size of 
0.1-300 pm wHh tocational dispersion within ± 20%. 

[0020] In another aspect this inventfon provides a Ta sputtering target assembly characterized by comprising a Ta 
sputtering target as defined atx^ve and a backing plate bonded to the target 
40 [0021 ] It is desirable that the portion of the backing plate where the sputtered material is to deposit and form a film 
thereon is roughened on tt)€ surface. 

[0022] For sputtering with a high power output, it is advisable that the Ta sputtering target and the backing plate are 
bonded by a metallic bond. 

45 [DETAILED EXPLANATION OF THE INVENTION] 

[0023] With the steady inaease in the degree of large-scale integration, the use of Cu that is outstandingly resistant 
to electromigration (EM) and stress migration (SM) is being studied as a material for the electrodes and wirings of LSIs. 
For that application Cu must be surrounded by a diffusion barrier layer, and as the barrier attention is new focused on 
50 a Ta layer deposrted from a Ta target and a more thermally stable TaN^j (x = 0.5-1 .3) layer formed using a Ta target by 
reactive sputtering in nitrogen. With existing Ta targets, however, particle generation is large and the resulting films 
show high sheet resistivrties with wide variations of the resistivity values. 

[0024] For the reduction of partwie ger>eration nunnber during sputtering, both crystal ^*n refinement of the target 
and diminution in the presence of oxide particle inclusions in the target are effective. For the decrease in the sheet resis- 
55 tivity after film deposition, the least possible oxygen content is desirable. Furtt>er, restricting the kxational dispersion of 
grain size, .g.. between the central and periph ral regions, effectively less ns the dispersion o4 sheet resistivity. It is 
important that the average grain size should be 0.1 -300 ^m arxi th locational dispersion of the averag grain size be 
withint 20%. The oxygen concentration should be 50 ppm or less. Under this invention it is possfcie to realize a Ta film 
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resistivrty of 270 ^ncm or betow and a dispersion of resistivTty (a) in a wafer, in terms of 3a, of 3a s 4.5%. 
[0025] Refinement of the crystal grain 5ize is achieved by optimizing tfie temperature and time for the heat treatment 
after coW forging or cold roiling. In brief, rt is realized by increasing the working ratio of coJd forging or cold rolling, rapidly 
heating the worl^ece, for th ensuing heal treatment to th lowest posstole temperatu abov the temperature at 
5 which recrystallization takes place, and cooling the workpiece before th ^ins coarsen beyond th necessary size. 
' Corrpared with cold forfipng. cold roling is easier to attain a uniform an^ cold rotting is pre- 

ferred when the difipersion of the grain size is to be restricted. A heat treatment in the course of cold forging or/and cold 
rolling, in a vacuum at a heating rate of at least 10 "CAnin. and at a holding tenperaHire of 800-1200 •C Is recom- 
mended. 

10 [0026] To reduce the partk:le production, the oxygen content must at most be below the solid solution limit of oxygen 
in Ta at the heat treatment temperature. Aiso, as noted above, the towest possWe oxygen content is desired for the 
decrease of sheet resistivity after f Im deposition. As to the amounts of impurities of alkali metals, radioactive elements 
and transition metals in Ta and TaN films, they are enough as tong as they just satisfy the impurity concentration levels 
of a semiconductor target In the case of Ta it is difficult to decrease the concentrations of oxygen and impurities in any 

15 step after ingot making. Tlierefore. an ingot must be used which initially satisfies the requirements; an oxygen content 
of 50 ppm or less and impurity contents requred of a semiconductor target i.e., Na^ 0.1 ppm, 0.1 ppm. Us 1 ppb, 
Ths 1 ppb, 5 ppm. Cr^ 5 ppm, and hfis 5 ppm. Diminution of the impurity concentratfons is realized by melting a 
commerdaily available high-purrty Ta powder by electron beam melting. Refractory metal elements, if present to 
excess, woukJ raise the sheet resistivities of Ta and TaN films. Hence a total of 50 ppm is specified to be the upper limit. 

20 For the application as a diffusion banier, the presence of such metal elements causes no problem when the combined 
amount is befow that upper limit, and r^inement to less than 3 ppm is not particularly necessary. Refinement to less 
ttiari 3 ppm is fourxi effective at diminishing leakage current in an application as a capacitor material where electric 
charge is to be biift up, but there is no such r>ecessity for the diffusfon ban-ier applfoation. Thus, a Ta target o* the purity 
at which this inverttion is aimed can be manuiactured by mere electron beam melting of a commerdaily available high- 

25 purity Ta powder, without adopting the wet refining process as taught in Patent Applfoation Kokoku No. 6-21 346 that has 
tfie disadvantage of too high cost for industrial operation. 

[0027] An ingot of the impurity concentrations specified above was worked (cold forged, cold rolled) and heat treated 
to rrake a target having a grain size of 150 jim and an oxygen concentration of 20 ppm. and Ta ar)d TaN films were 
deposited using the target. TTie number of partides was dran^cally decreased as compared that produced using a 

30 target with an average grain size of 500 >im. 

[0028] When a starting ingot having a grar» size of no less than 1 mm obtained by electron beam melting a ttie like 
is LTiiaxially cold forged/coW rolled, coarse grains of the starting ingot remain unrenrxjved even after a heat treatment. 
Sputtering with the resulting target forms protuberant deposits known as "nodules" along the grain boundary between 
coarse grains, and these nodules serve as a source to generate partides, thus increasing the number of partides 

35 caused on the wafer. In order to eliminate the coarse grains, it is necessary to effect plastic deformation of the work- 
piece by forging it in biaxial or nxxe rrultiaxial directxxis. ag.. by combining compressing and upsetting forgings. 
[0029] For working in the thickness direction, the rolling method that can irtroduce an even amount of reduction is 
more suitable. However, the rolling method has a limitation in ttie workable tNckness; it can hardly work an ingot having 
a trtckness greater than the width in the intended directions. In such a case, ttie forging method is a good choice. Thus. 

40 by convention, an ingot is initially cold forged to a given height, further coW forged to a thkioiess ttiat permits rolling, 
and then is cold roiled to a desired thickness. Needless to say. cold rolling alone may be used if the ingot has a height 
and thickness within the ranges that altow coW rolling. Aftematively. cokJ forging may be used as the only means of 
working as tong as care is taken to maintain a constant rate working. 

[0030] When a suffident anKXjnt of waking is applied in l^iaxial or more nuitiaxial directior^s to attain desired grain 
45 refinement, the ingot woukl aack. To avoid this ingot cracking, it is only necessary to carry out a heat treatment during 
the course of cold working so as to remove strains from the ingot. Following this, uniaxial cold woridng. preferably cold 
rolling, is conducted to apply a suff kjient amourt of working to attain grain refinement and then a heat treatment is done 
urxJer the optimum conditions as mentioned above, whereby a desired fine aystal grain target can be obtained. 
[0031 ] If Ta comes in contact with oxygen at the temperature tor the above heat treatment oxygen would rapidly dif- 
50 fuse inside and raise the oxygen concentration in the target, resulting in an increase in the number of partides. The heat 
treatment, therefore, should be carried out in a way such that the contact witti oxygen is minimized, e.g.. in a vacuum. 
[0032] Since the sputtering efftoiertcy varies with the crystalline orientations of targets, the orientation alignment of 
the sputtered surface is also important. Aligning the orientation cSstributton in the target surface permits maintenance 
of the film quality uniformity in the filrrvdeposited wafer. The deposition rate of a target is improved over that of a ran- 
55 domly oriented target when the orientation of the former is contrdled so that the sum of the area ratios to the sputtered 
surfac of the three planes {1 10}. {200}. and {211} of high atomto density is 55% or mor . Also the uniformity of fPm 
quality in a wafer is maintained by restricting the dispersion of the sum of the area ratios of the these three planes in th 
target surface within ± 20%. 
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[0033] During the "burrvin* of a fresh target at tti outset of its use. or after a TaN fitm has been deposited on a pre- 
determined number of waiefs, rt is cpnnmon to perform the deposition c< a Ta film, or a process known as "pasting" to 
prev^ent th separation of the TaN film from th components and surroundir>g walls of the sputtering apparatus that 
could lead to the formation of particles. (Pasting is a process whereby normal sputtering in an Ar atmosphere is inter- 

5 posed between N2 reactive sputterir^ runs. Generally a nitride fikn easily comes off whil a metallic film is sticky, arxi 
coating a TaN film with Ta prevents th later separation of the TaN f Pm and the dvision of th film into partk:les. Since 
the manner in which the metallic film is used to keep the TaN fim in piace is like to pasting, this is called ''pastir)g'* arxi 
is a kind of maintenance.) When the Ta f am contains hydrogen a toms, high stresses in the fim tend to force ttie Ta/TaN 
film to peel off from the connponents and sunrounding waits of the sputtenr)g apparatus, increasing the number of parti- 

10 des on ttie wafer. When the hydrogen corx;entration in the target is reduced to 20 ppm or betow. the number of partwles 
is diminished to a leveJ no fonger objectionable for practk:ai purposes. 

[0034] The number of partides is large in the early stage of the use of a target, while the surface portion damaged by 
mecfianicaJ finishing is being sputtered. It is for this reason that a process knoMi as "burn-in" whk:h removes the dam- 
aged surface layer is used. A thick damaged surtece layer calls for a fonger duratkxi of bum-ia To er^hance the effi- 
15 dency of an LSI manufacturing process, it is necessary that the damaged surface layer is reduced accompanied with 
the controt of initial particle generatton. 

[0035] In the case of a Ta target deaeasing the average roughness (Ra) of a finished surface by nr>echanical grirxiing 
renders it possible to diminish the damaged surface layer too. Grtndrtg the damaged surface layer to an average rough- 
ness (Ra) of 0.01-5 urn makes it thin enough for practk:al use. Further reductkxi of Ra to less than 0.01 |im raises the 
20 machinir>g cost but does not bring a corresponding merit because, while the damaged surface layer becomes thinner, 
the naturally oxidized film gains a dominant effect ipon the number of parlkrles. 

[0036] The presence of an oxide layer on the surface of a target in the early stage of its use woukj cause abrxxmal 
discharge and an irx:rease in the number of partides. In the case of a Ta target when the oxide layer can be reduced 
to 200 nm or less thick, desiraWy to 20 nm or less thicK by chemical polishing after the mechankal ending, the abrxx- 

25 maJ discharge is decreased with the decrease of the number of partides. 

[0037] During the course of sputtering, the portKjns of the target other ttian the portwn being eroded altow the depo- 
sitfon of a Ta layer or TaN layer (the fim thus fornr^ being called 're-deposited film). As the film thicker^ beyorxj a cer- 
tain thk^ness. it conr^es off, formir)g partk^les. Roughening by sandblasting, etching, Of the like of the rxxi^oded 
surface portions of a Ta target induding a tracking pJate 0-e.. a target assembty) that are exposed in a sputtering cham- 

30 ber, produces an anchoring effect which makes a re-deposited fim nxxe adherent and tt>ereby decreases the number 
of partk:les. 

[0038] When sputtering with a high power output to raise the deposition rate, it sometimes occurs that the temperature 
exceeds the melting point of the brazing filer metal between the target and tracking plate ttiat make up a target assem- 
bly or the surface temperatwe of the target increases beyorxl the Ta recovery temperature or recrystallizatton temper- 
as atire to after the target texture or structure. A Ta target assembly can be made resistant to such elevated temperatures 
when the target and backing plate are bonded by a metallic bond. eg., by the diffuskxi bonding technique The altera- 
tion of the target texture or structure can be preverted by the use of a backing plate nr^e of an Al alfoy. Cu. or Cu altey 
that has adequate strength and good thermal conductivity. 

40 [EXAMPLES] 

(Example 1) 

[0039] A Ta ingot made by electron-beam melting (hereinafter cailed EB ingot){130 mm dia. and 60 mm high) was 
45 subjected to cokJ compressing forging to 100 mm dia. arxl 100 mm high and then was upset by cold forging to 160 mm 
dia. and 40 mm thick. The workpiece was heated at a heating rate of 15 ''C/min. heat treated in a vacuum at 1200 **C 
for 2 hours, and then cokj rolled to a thickness of 10 mm. It was again heated at a heating rate of 15 "C/hiin. heat treated 
in a vacuum at 1000 ''C for 2 hours. arxJ then machined to the shape of a target. The target so obtained had an average 
grain size o# 150 nm in the center and an average grain size of 130 nm in the peripheral regk>n about 12 cm distant from 
50 the center. 

[0040] Analytical values of impurities it contained were: O: 20 ppm; H: 30 ppm; Na: <0.01 ppm; K: <0.01 ppm; U: 
<0.01 ppb; Th: <0.01 ppb; Fe: 0.01 ppm; Cr: < 0.1 ppm; arxl Ni: <0.1 ppm. Refractory elements contained were: Hf: 1 
ppm; Nb: 10 ppm; Mo: 1 ppm; W:3ppm;Ti: <0.1 ppm; and Zr: 3 ppm; the total being 1 8 ppm. The sum of the intercity 
ratios of the three planes {1 10}. {200}. and {21 1} was 61%. 
55 [0041 ] Sputtering was carried out using this target and the number of partides found on a 6 in.-dianr>eter wafer was 
counted. Particles 0.2 nm or larger in diameter numbered 52 at the outs t of sputtering and 30 until the power output 
reached 300 kWh. The resistivity of the Ta film was 270 nf^cm. the dtsperskxi in the wafer was 3a = 4.5%, and the bar- 
rier characteristics were good. 
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(Example 2) 

[00421 A target was mad following th process of Exampi 1 from an EB ingot of Ta having a hydrogen concentration 
of 15 ppm. Analytical values of its impurity corrtents were: 0: 25 ppm; Na: <0.01 ppm; K: <:0.01 ppm: U: <0.01 ppb; Th: 
5 <0.01 ppb; F : 0.01 ppm; Cr: <0.1 ppm; Ni: <0.1 ppm; Hf: 2 ppm; Nb: 9 ppm; Mo: 1 ppm; W: 4 ppm; Ti: <0.1 ppm; and 
Zr: 1 pprru The target had an average grain size of 150 pm in the center and an average grain size of 135 \im in the 
peripheral region atxx/t 1 2 cm distant from the cerrter. The sum of the intensity ratios of the three pJartes {110}, {200}. 
and {211} was 60%. 

[0043] Sputtering was carried out using this target, wfth several runs of Ta pasting, and ttie number of particles found 
10 on a 6 in.-diameter wafer at the point the power output reached 300 kWh was counted. Particles 0.2 iitn or larger in 
diameter numbered 20. (By way of comparison, the nunnber of particles courted at the point of sputtering up to 300 kWh 
with the target of Example 1 (H: 30 ppm) was 30.) The barrier characteristics were good. 

(Example 3) 

75 

[0044] The surface portion of a target to be sputtered that had been machined sin^larty to Example 2 (Ra =15 pm) 
was mechanically polished to Ra - 0.3 ^m. 

[0045] The target was used in sputtering, and the number of particles found on a 6 in. -diameter wafer in the earty 
stage of sputterir>g was counted. Partides 0. 2 ^m or larger in diameter nunnt>ered 30 (as compared wHh 52 at the same 
20 Stage of sputtering with the target of Example 2) and 16 when sputtered up to 300 kWh. 

(Example 4) 

[0046] A target nnechanicaJly polished like tf^t of EY^mple 3 was further polished chemically to remove an oxide layer 
25 from the surface. The Ra of the target surface was 0.03 nm. Adepth ar^lysis with an Auger electron analyzer showed 
that the thickness of the oxide layer was 15 nm whereas that of the target of Example 3was 100 nm (250 nm in Example 
6). 

[0047] This target was used in sputtering and the number of partrcles on a 6 in.-diameter wifer in the eariy stage of 
sputteririg was counted. Particles 0.2 \im or larger in diameter numbered 26 and after sputtering up to 300 kWh num- 
30 bered 13. 

(Example 5) 

[0048] The target of Example 2 v^s roughened on the surface by sandblasting in the portions such as the side faces 
35 where re-depositkxi would take place. During sputtering with this target the number of particles on a 6 in.-diameter 
wafer was counted. Particles 0.2 nm or larger in diameter numbered 52 initially and 1 4 upon sputtering to 300 kWh. 

(Example 6) 

40 [0049] The target of Exannple 2 was bonded to a t>acking plate of an AI alloy (A5052) by the diffusion bonding tech- 
nique (at a bonding temperature of 300-650 *C ). 

[0050] With this target a cyde of sputtering tor 30 secorxte at a sputtering power density of 10 W/cm^ arxl an inter- 
ruption for 90 secorxis was repeated 30 times, and the grain size of the target was measured. The original size of 150 
^m remained unchanged. The number of partides was 38 in the early stage of sputtering and 18 when sputtered up to 
45 300 kWh, 

(Comparative Example 1) 

[0051] An ingot of the same lot as for the target of Example 2 was cut into a size of 130 mm in dia. and 60 mm high, 
50 Without going through coW forging for compression, the workpiece was directly cold forged for upsetting to 160 mm in 
dia. and 40 mm thick. It was heat treated in a vacuum at 1200 ''C for 2 hours and was coW upset to a disk 10 mm thick. 
After a further heal treatment in a vacuum at 1200 '*C for 2 hours, it was machined to a target shape. This target had a 
structure such that fine crystals were contained in coarse crystals of about 10-20 mm. 

[0052] The target had an average grain size of 500 ^m in the center and an average ^n size of 300 nm in the periph- 
55 eral regkxi about 1 2 cm distant from the center. The sum of the intensity ratfos of the three planes {110}. {200} and {211} 
was 59%. 

[0053] Sputtering was carried out using ttiis target arxJ the number of partides found on a 6 in.-diameter wafer was 
counted. Particles 0,2 pm or larger in cf ameter numbered 80 in the eariy stage arxl 50 up to 300 kWh. The resistivity of 
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the Ta f 3m was 260 ^^m. and the dispersion in the wafer was 3a = 8.5%. 
(Comparativ Example 2) 

5 [0054] A Ta target (O: 80 ppm; Na: <0.01 ppm; K: <0.01 ppm; U: <0.01 ppb; Th: <0.0 1 ppb; Fe: 0.01 ppm; Cr: <0.1 
ppm; Ni: <0.1 ppm; Hf: 1 ppm; Nb: 15 ppm; Mo: 3 ppm; W: 3 ppm; Tl: 1.5 ppm; and Zr: 5 ppm, the total of refractory 
metaJ elements being 27 ppm) was cut into a piece 130 mm in dia. and 60 mm high. Rom it a target was made in the 
manner deschbed in Example 1 . The target had an average grain size of 1 5 pm in the center and an average grain size 
of 130 ^im in the perpheral region about 12 cm distant from the center. The sum of the intensity ratios of the three 

10 planes {1 10}. {200}. and {21 1} was 58%. 

[0055] Sputtering with this target produced particles on a 6 ia<liameter wafer. The number of partides 0.2 or 
larger in diameter in the early stage of sputtering was 78 and at the point the pcwer output reached 300 kWh was 50. 
The resistivity of the Ta film was 350 >if>cm. and the dispersion in the wafer was 3a = 4.8%. 

15 (Comparative Example 3) 

[0056] An ingot of the same lot as for the target of Example 2 was cut into a size of 130 mm in dia. and 60 mm high. 
The wor^piece was cold forged for compression to 100 mm in dia. and 100 mm hi^ and then cold forged for ipsetting 
to 160 mm dia. and 40 mm thick. Upon cold rolling to a thickness of 30 mm it began cracking from the side faces, and 
20 no more working was possible. 

(Comparative Example 4) 

[0057] An ingot of the same lot as for the target of Example 2 was cut into a size of 130 mm in dia. and 60 mm high, 
25 cold forged for compression to 112 mm in dia. and 80 mm high, and then cold forged for upsetting to 160 mm in da. 
and 40 mm thkie It was cold roiled and the rolling was interrupted at the point the workpiece attained a thk*ness of 20 
mm. rt was then heated at a heating rate of 15 *C/min and heat treated in a vacuum at 1000 **C for 2 hours, and was 
machined to a target shape. The target had an average grain size of 100 jim in tf»e center iind an average grain size of 
500 iim in the peripheral region about 12 cm distant from the center. The sum of the intensity ratios of the three planes 
30 {110}. {200} and {211} was 50%. 

[0058] Sputtering was carried out using this target and the number of partides found on a 6 in.-cfiameter wafer was 
counted. Partk:ies 0.2 jim or larger in dameter numbered 55 in the early stage and 42 up to 300 kWh. The resistivity of 
the Ta f Im was 260 pficm, and the dspersion in the wafer was 3a = 8%. 
[0059] The data of Examples and Comparative Exanples are summarized in Table 1 . 

35 

[ADVANTAGES OF THE INVENTION] 

[0060] The use of a Ta sputtering target according to this invention makes it possWe to obtain a Ta film and a TaN, 
(x = 0.5-1 .3) film with a smaller number of otsjectionable particles and with less dspersion of resistivity values than here- 
to tofore. The target can be made without the need of a spedal wet refining process which, from an industrial viewpoint, 
is disadvantageous in respect of cost 



45 



50 



55 
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Claims 

1 . A Ta sputtering target wherein (a) an average grain size is in the range of 0. 1 -300 ^m, with Jocational dispersion of 
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the average grain size wrthin ± 20%. (b) an oxygen concentration is 50 ppm or below, and (c) innpirrty concentra- 
tions ar such that Na^ 0.1 ppm, 0.1 ppm. 1 ppb. Th^ 1 ppb. Fe^ 5 ppm. Crs 5 ppm. and Ni^ 5 ppm. the 
total content of refractory metal eiennerns (Hf, Nb. Mo. W. H and Zr) being 50 ppm or less. 

5 2. A Ta sputtering target of claim 1 wherein the sum of the intensity ratios of the three planes {1 10}. {200} and {211} 
is 55% or mor and the kxational dispersion of the sum of the intensity ratios of the three planes is 20% or less. 

3. A Ta sputtering target of claim 1 or 2 wherein hydrogen concentration is 20 ppm or less. 

10 4. A Ta sputtering target of claim 1 or 2 wherein the average roughness (Ra) of the surface portion to be sputtered is 
0,01-5 \ixr\. 

S A Ta sputtering target o^ daim 3 wherein the average roughness (Ra) of the surface portion to be sputtered is 0.01 - 
5 ;im. 

IS 

6. A Ta sputtenng target of claim 1 or 2 wherein the surface portion to be sputtered has an oxide layer with a thickness 
of 200 nm or less. 

7. A Ta sputtering target of daim 3 wherein the surface portion to be sputtered has an oxide layer with a thickness of 
20 200 nm or less. 

8. A Ta sputtering target of daim 4 wherein the surface portion to be sputtered has an oxide layer with a thickness of 
200 nm or less. 

25 9. A Ta sputtering target of daim 5 wherein the surface portion to t>e sputtered has an oxide layer with a thickness of 
200 nm or less. 

10. A Ta sputtering target of daim 1 or 2 wt>erein the non-eroded surface portions of a target where a f3m is formed t>y 
tt)e deposition of the sputtered target material is roughened. 

30 

11. A Ta sputtering target of daim 3 wherein the non-eroded surface portions of a target where a film is fcxmed by the 
deposition of the sputtered target material is roughened. 

12. A Ta sputtering target of daim 4 wherein the non-eroded surface portions of a target where a film is formed by the 
35 deposition of the sputtered target material is roughened. 

13. A Ta sputtering target of daim 5 wtierein the non-eroded surfece portions of a target where a film is formed by the 
deposition of the sputtered target material is roughened. 

40 1 4. A Ta sputtering target of daim 6 wherein the rxMi-eroded surface portions of a target where a film is formed by the 
deposition of the sputtered target material is roughened. 

15. A method of manufacturing a Ta sputtering target of daim 1 comprising making a Ta ingot wfiich has an oxygen 
concentration of 50 ppm or betow and impurity corKentrations such that Na^ 0.1 ppm, 0.1 ppm. 1 ppb. Th 

45 ^1 ppb. Fe^ 5 ppm, Cr^ 5 ppm and Ni^ 5 ppm. the total content of refractory metal elements (Hf. Nb. Mo, W. Ti 
and Zr) Ijeing 50 ppm or less, working the ingot by cold forging or/and cold rolling, and finally machining the work- 
piece obtained to a target, wherein in the course of working of the cM forging or/arxl cold rolling, the workpiece is 
heat treated in a vacuum at a heating rate of at least 10 ^'CAnin and at a hokJing temperature of 800-1200 ''C 
whereby the material attair^s an average grain size of 0. 1 -300 ^m with kxational dispersion within ± 20%. 

50 

16. A Ta sputtering target assembly comprising a Ta sputtering target of anyone of claim 1 to 14 and a t^ddng plate 
bonded to the target. 

17. An assenri)ly acoording to daim 16 wherein the portion of the backing plate where the sputtered material is to 
55 deposit and form a film thereon is roughened on the surface. 

18. An assembly according to daim 16 wherein the Ta sputtering target and the ticking plate are borxJed by a metalik; 
bond. 
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1 9. An assembly according to claim 1 7 wherein the Ta sputtering target and the backing plate are txxxled by a metallic 
bond. 
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